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Atriuvontricultrr (AV) node reentrant ti~~hy~~~r~li~l is one of the 
most common causes ofparoxysmal supravemriculrtr tachycar- 
dia. Selective transcathcter radiofrequenq ablation techniques 
by providing a permanent cure offer a viable option for control 
of symptoms in the&se patients (1-q). Alth(~ugh both fast and 
slow pthways can be selectively ablated for control of AV 
node reentrant tachycardia, slow pathway blation, by preserv- 
anterograde fast pathway conduction a d obviating the risk 
of AV block, appears tobe safer (64). However, the safety 
and cl&a9 of selective lrlow pathway ablation using transcath- 
ctcr radiofrequency energy in patiems with a prolonged FR 
interval during sinus rhythm are not known. These patients are 
thought to have tenuous fast pathway conduction. It would be 
reasonable to assume that slow pathway ablation in these 
ptients could potentially ead to complete AV block. The 
purpose of this report is to demonstrate the integrity of AV 
node conduction after slow pathway ablation i  patients with 
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AV node reentrant tachycardia who demonstrated a prolonged 
PR interval at basclinc. 
Study patients. Of 268 consecutive patients undergoing 
transcatheter ablation for AV node reentrant tachycardia, 7 
patients were found to have a prolonged PR interval during 
sinus rhythm (mean 2 SD 237 rt 26 ms, range 210 to 290) and 
form the basis of this report. In this group there were three 
women and four men with a mean age of 31 2 15 years. Of the 
seven patients, two patients presented with uncommon AV 
node reentrant tachycardia who had previously undergone fast 
pathway ablation for AV node reentrant tachycardia of the 
common type. All seven patients had recurrent episodes of 
paroxysmal p lpitation; one had structural heart disease. 
Electraphysiologic study. After obtaining informed con- 
sent, each patient underwent a complex of electrophysiologic 
evaluation before the catheter modification. Allantiarrhythmic 
medications had been discontinued before the procedure for 
at least 5 half-lives of the drug. Three multipolar electrode 
catheters were introduced percutaneously by way of femoral 
veins and positioned under fluoroscopic guidance inthe high 
right atrium, His bundle region and right ventricular pex. A 
0735- 1097/Y4/$7.00 
Attempts WtXe made to position the most ~KXillli~l two 
pairs of clectrodcs in close l~r[~xi~~ity to the coronary sinus 
ostium. Surface electrocardiographic (ECG) leads I, II and V,, 
intracardiac electrograms and time lines were displayed simul- 
taneously on a multichannel oscilloscope (EVR- 180, PFG 
Biomedical) and printed on a thermal recorder. Data were 
recorded 011 optical disks by the EP Lab system (Biomedical 
Instrumentation Inc., Markham, Ontario, Canada) for subse- 
quent reproduction. Electrical stimulation was performed with 
a digital stimulator {Bloom Associates). The stimulation pro- 
tocol consisted of incremental atrial and ventricular pacing and 
extrastimulation. In cases where AV node reentrant tachycar- 
dia could not be induced at baseline, tachycardia induction was 
attcmptcd during isoprotcrcnol infusion. In patients requiring 
isoproterenol infusion all elcctrophysiologic variables (before 
and after ablation) were measured during isoproterenol infu- 
sion. 
~~a~scat~eter ablation. The ablative approach for slow 
pathways used in our laboratory has been described in detail 
(7). Radiofrequency current was delivered between the distal 
electrode of the ablating catheter and an external adhesive 
patch electrode. An LIZ-88 (American Cardiac Ablation Cor- 
poration) radiofrequency ablation unit was used for ablation. 
This unit generates a pure sine wave output at 540-kHz 
monitoring circuitry in a single package. The ablation catheter 
was a 7F deflectable quadripolar catheter with a 4-mm bulbous 
tip electrode (Mansfield Scientific). Attempts were made to 
disclose the retrograde conduction over the slow pathway for 
mapping and ablating purposes. These attempts included 
incremental ventricular pacing and premature ventricular stim- 
ulation at basic drive cycle lengths of 400 and 350 ms to block 
the retrograde impulses in the fast pathway and unmask the 
retrograde conduction over the slow pathway. However, as this 
could not be accomplished in the majority of patients, the 
posterior/inferior aspect of the tricuspid septal annulus was 
targeted first for selective slow pathway ablation and ablation 
WZIN :tttcl~@cd in 21 stepwisc fashion as has ken described 
bcforc (7). All patients underwent a follow-up cicctropbysi- 
ologic evaluation 24 h and a ccm~pkte clcctrophysiologic 
studies 0 to 8 weeks after the ablation. 
~~~~t~Q~s. The criteria used to verify common and un- 
common AV node reentrant tacbycardia have been discussed 
in detail before and were used for the purpose of this study as 
well (7). Dual pathway physiology was dcfincd as sudden 
prolongation of the H,H, interval by 240 ms (with or without 
initiation of AV node reentrant tachycardia) in response to a 
IO-ms decrease in the A,A, interval. 
Statistid analysis. All data arc expressed as mean 
value t I SD. Statistical comparisons wcrc performed by 
onc-tailed paired t test. A p value < 0.05 was considered 
SignitiCitnt. 
Patient characteristics. Electropbysiologic data before and 
after slow pathway ablation in the seven patients undergoing 
this procedure are depicted in Table 1. In patients 1 and 2; 
sustained AV node reentrant tachycardia of the uncommon 
variety (cycle length 420 and 430 ms, respectively) was induced. 
Both patients had previously undcrgonc fast pathway ablation 
at the anterior/superior aspect of the septal tricuspid annulus 
for AV node reentrant tachycardia of the common variety 
(Fig. 1). Uncommon AV node reentrant tachycardia wtis not 
induced during programmed stimulation before the fast path- 
way ablation. Patient 3 continued to have AV node reentrant 
tachycardia of the common variety (cycle length 410 ms) 
despite apparent fast pathway ablation. The P!Z interval had 
prolonged from I80 ms to 240 ms after the fast pathway 
ablation. In four patients who had AV n,;)dc reentrant tachy- 
cardia of the common variety and a prolonged PR interval at 
initial prcscntation, only slow pathway ablalion was attempted 
(Fig. 2). Induction of AV node reentrant tachycardia occurred 
during the baseline programmed stimulation in six patients but 
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Figure 1. Patient 1. Intact atrioventticulcr (AV) con- 
duction despite sequential f st and slow AV node path- 
way ablation. Tracings ineach panel from top to huttom 
are electr~ardiographic leads I, II, and V, and high 
right atrial (HRA), ostial cuanary sinus (CSp) and 
proximal His bundle (HBp) electrograms. Previous ab- 
lation of the fast AV node pathway as therapy for the 
conl~lo~ form of AV node ~ee~t~a~t t chycardia ( 
had resulted inprolongation f the PR interval ( 
Despite the so-called fast pdthwiiy ablation and 
prolongation of the PR interval (PR), uncommon AV 
reentrant tachycardia was subsequently induced 
I C). The PR interval remains unchanged (panel 
I)) after successful slow pathway ablatian. Values are in 
ms. A, = atrial echo beat. 
only with isoproterenol infubion in one patient. Dual-pathway 
physiology was demonstrated only in Patient 5 during the 
P med stimulation. 
pathway ablation and el~~pbys~l In two 
patients with uncommon AV node reentrant pathway,*a single 
radiofrequency pulse at 30 W successfully abolished the slow 
pathway in both the anterograde and the retrograde direction 
PR inteml (Fig. 1). In both patients, 
abolished after precise mapping along 
tcriorlinferior aspect of the atrid side of the tricuspid 
nnulus and localization of the earliest retrograde activation 
site on the ablation catheter recordings (25 and 30 ms earlier 
than atrial activation in the His bundle recording). In the 
remaining five patients, a stepwise approach (7) was used. A 
mean of 5 2 3 (range 3 to 7) radiofrequency pulses were 
required in these five patients for successful ablation of the 
thway. After ablation, the PR and AH intervals remained 
unchanged. Atrioventricular node reentry, either as a sustained 
tachycardia or as a single echo beat, was not present after slow 
pathway ablation in any of these seven patients. As anticipated, 
there was no significant change in the shortest cycle length of 1:l 
ventrieuloatrial conduction except in two patients with uncom- 
mon AV node reentrant tachycardia (Table 1). However, the 
shortest cycle length of 1:l AV conduction was significantly 
prolonged (from 327 z?z 31 to 440 +‘ 59 ms, p < O.Ol), as was the 
AV node effective refractory period (from 244 -C 35 to 344 2 
43 ms, p C 0.01). No patient developed second- or third-degree 
AV block during or after the procedure. 
Figure 2. Patient 7. Effect of atrioventricular (AV) 
node conduction and refractory period after slow 
pathway ablation. Format and abbreviations as in 
Figure 1. The PR interval t baseline is 250 ms. At a 
basic drive cycle length (CL) of 500 ms and a prema- 
ture atrial coupling interval of 270 ms, sustained AV 
node reentrant tachycardia of the common variety is 
induced (panel A). The slow pathway was successfully 
ablated in this patient. In panel B, after slow pathway 
ablation, the AV node effective refractory period is 
increased and the PR interval remains unchanged. Ail 
values are in ms. AH = atrio-His interval. 
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thcter ablation using radiofrequc~~cy current has 
lved as the therapeutic method of choice in patients 
node reentrant achycardia. AS small and discrctc 
lesions can be produced at the sites target 
electrophysi~~iog~c behavior of the AV node 
ately assessed in patients undergoing t 
study, all seven patients 
went a lnoditication 0
AV conduction. The sl uccessfully ablated in 
all patients, as demonstrated by these postablation findings: 
1) Atrioventricular node reentrant tachycardia (both the com- 
mon and the uncommon variety) could not be induced; 2) The 
PR and intervals remained unchanged; 3)both the short- 
est cycl ngth of 1:l AV conduction and the AV node 
effective period signifirantly prolonged in all patients. 
in uncommon AV node reentrant 
ti3C PR interval. Uncommon AV node 
reentrant tachycardia after apparent fast pathway ablation has 
been reported before (5). Uncommon AV node reentrant 
tachycardia after initial fast pathway ablation with no further 
evidence of common AV node reentrant tachycardia suggests 
that the retrograde limb of the common AV node reentrant 
tachycardia was effectively abolished after the initial attempt at 
fast pathway ablation. Prolongation of the AH and PR inter- 
vals in these patients, after radiofrequency application at the 
anterior/superior aspect of the interatrial septum, is expected 
and could imply conduction along the so-called slow pathway. 
However, the persistence of I:1 AV conduction after slow 
pathway ablation in these cases suggests other pathways of 
conduction in addition to the so-called fast and slow pathways. 
An alternative xplanation might be that the radiofrequency 
lesion produces a different effect on the fast pathway during 
retrograde conduction (complete block) versus anterograde 
conduction (prolonged conduction time). However, fur:her 
radiofrequency applications of the anterior/superior aspect of 
the interatrial septum where the PR interval had prolonged 
failed to eliminate the anterograde conduction over this path- 
way, suggesting the presence of additional pathways. 
Slow pathway ablation in common AV node reentrant 
tachycardia nd prolonged PR interval. Before ablation of 
slow pathway itwas unclear whether PR prolongation i  these 
cases reflected slow pathway propagation by virtue of either 
damaged or absent fast pathway conduction. However, once 
ccessfully ablated with 
cardia ar.2 no further 
ared that a pathway 
slow pathway was responsible for the AV c 
during sinus rhythm. The cause of the prolonged PR 
baseline in these patients is uncertain but may be either 
irectional (anterograde) prolonged conduction despite 
rapid retrograde conduction along the fast pathway or, alter- 
natively, AV conduction along iatranodal pathways other than 
the so-called fast pathway. The latter scenario will explain most 
of the results hown in this series. 
The presence of multiple pathways inpatients with common 
AV node reentrant ta ycardia has been previously proposed 
(9). From a clinical rspective it would be desira 
demonstrate dual AV e physiology in such patients 
ever, incidence of demonstrable dual AV aode physiology in 
our group was relatively low compared to that in a previous 
report (7) in patients with common AV node reentrant tachy- 
cardia and a normal P interval. It would seem, therefore, that 
slow anterograde co uctioo (along either the fast or the 
alternate pathway) may conceal tbc presence ofa slow pathway 
in patients with a prolonged PR interval and AV node 
a of the common variety. 
ary. Data from this study suggest 
that selective ablation of slow pathway can be safely accom- 
plished in patients with a prolonged PR interval and AV node 
reentrant achycardia, particularly of the uncommon variety. 
For the procedure to be safely accomplished in patients with 
common AV node reentry all attempts houl 
delineate anterograde dual-pathway physiology. 
cannot be achicvcd in the majority of patients. In view of this, 
no firm guidelines can be proposed on the basis of this study. 
However, a cautious USC of radiofrequency procedure starting 
with low cncrgy delivery at the most postcriorlinfcrior aspect 
of the interatrial septum is recommended. Failure of the PR 
and AH intervals to further increase after such lesions uggests 
that there could be additional intranodal pathways. The risk of 
second- or third-degree AV block after slow pathway ablation 
is likely to be low even in these patients ifa posterior approach 
is utilized. 
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